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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of IEEE that have expressed an interest in participating in the development of
the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is rea-
sonable to conclude that its contents, although still of some value, do not wholly reflect the present state of
the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason, IEEE and the members of its societies and Standards Coordinating
Committees are not able to provide an instant response to interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.
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Introduction

[This introduction is not part of IEEE Std 1474.1-1999, IEEE Standard for Communications-Based Train Control
(CBTC) Performance and Functional Requirements.]

This introduction provides some background on the rationale used to develop this standard. This information
is meant to aid in the understanding, usage, and applicability of this standard.

Conventional signaling/train control systems rely almost exclusively on track circuits to detect the presence
of trains. Information on the status of the track ahead is provided to train operators either through wayside
signals or trainborne cab signals. Ensuring compliance with the signals is achieved through operating proce-
dures, wayside automatic train stops, or trainborne supervisory equipment linked to the train's braking
system. These conventional systems are effective in providing train protection, but are not particularly effi-
cient in maximizing the utilization of the rail transit infrastructure, as a result of a number a fundamental
limitations, specifically

a)  The location of trains can only be determined to the resolution of the track circuits; if any part of a
track circuit is occupied by a train, the whole track circuit must be assumed to be occupied by the
train. Track circuits can be made shorter, but each additional track circuit requires additional way-
side hardware, so there is an economical and practical limit to the number of track circuits that can
be provided.

b) The information that can be provided to a train is limited to a small number of wayside signal
aspects, or a small number of speed codes in a cab signal system.

c) For a wayside signal system with automatic train stops, but without continuous cab signaling,
enforcement is intermittent.

Communications-based train control (CBTC) systems overcome these fundamental limitations of
conventional track circuit-based systems and, therefore, permit more effective utilization of the transit infra-
structure. This is accomplished, for example, by allowing trains to operate safely at much closer headways,
by permitting greater flexibility and greater precision in train control, and by providing continuous safe train
separation assurance and overspeed protection. Additional benefits of CBTC technology include the eco-
nomical support of automatic train operations (both on the mainline and in maintenance yards), improved
reliability, and reductions in maintenance costs through a reduction in wayside equipment and real-time
diagnostic information. The basic characteristics of a CBTC system include the following:

a) Determination of train location, to a high degree of precision, independent of track circuits.

b) A geographically continuous train-to-wayside and wayside-to-train data communications network to
permit the transfer of significantly more control and status information than is possible with conven-
tional systems.

c)  Wayside and trainborne vital processors to process the train status and control data and provide con-
tinuous automatic train protection (ATP). Automatic train operation (ATO) and automatic train
supervision (ATS) functions can also be provided, as required by the particular application.

Although the benefits of CBTC technology are recognized, there are currently no independent standards
defining the performance and functional requirements that need to be satisfied by CBTC systems in order to
realize enhanced performance, availability, train operational flexibility and train protection. This standard
has been developed to address this.

Documents

Copyright © 1999 IEEE. Al rights reserved. Documgnt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:32:11 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1474.1-1999


http://www.avadocuments.com/doc/ieee-1474-1-1999
http://www.avadocuments.com/doc/ieee-1474-1-1999

Participants

At the time this standard was balloted, the CBTC working group had the following membership:

Alan F. Rumsey, Chair
George Anagnostopoulos Seyed Hosseini William A. Petit
Robert Anderson Geoff Hubbs Venkat R. Pindiprolu
Fred Childs John LaForce Gary Pruitt
Patricia Devlieg John C. Lewis Omar Rezzoug
Jeff Eilenberg Martin J. Lukes David B. Rutherford, Jr.
Bill Gallagher Robert A. MacDonald Louis Sanders
Harold C. Gillen David A. Male Jeffrey P. Smith
Harvey Glickenstein Thomas J. McGean Thomas J. Sullivan
Vic Grappone Robert E. McHugh John Swiecick
Howard Gregson Robert Miller Errol E. Taylor
Mark Halinaty Edwin A. Mortlock Jacques Valerio
Adrian Hellman Lang Nguyen John Vogler
James R. Hoelscher William Palko Kenneth E. Vought
Joel Holyoak Robert D. Pascoe Robert Walsh

The following members of the balloting committee voted on this standard:

George Anagnostopoulos Abe Kanner Robert D. Pascoe
Robert Anderson Kenneth Karg William A. Petit
Fred Childs James W. Kemp Venkat R. Pindiprolu
Patricia Devlieg John LaForce Omar Rezzoug
Jeff Eilenberg John C. Lewis Alan F. Rumsey
Bill Gallagher Martin J. Lukes David B. Rutherford, Jr.
Sofia Georgiadis Robert A. MacDonald Louis Sanders
Harold C. Gillen David A. Male Jorg Schutte
Theo C. Giras Thomas J. McGean Jeffrey P. Smith
Harvey Glickenstein Robert E. McHugh Thomas J. Sullivan
Adrian Hellman Robert Miller John Swiecick
James R. Hoelscher Kamel Mokhtech Errol F. Taylor
Joel Holyoak Edwin A. Mortlock Kenneth E. Vought
Geoff Hubbs Lang Nguyen Robert Walsh
William Palko
Documents
iv Gopyright © 1999 IEEE. All rights 16sarad: "t Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:32:11 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1474.1-1999


http://www.avadocuments.com/doc/ieee-1474-1-1999
http://www.avadocuments.com/doc/ieee-1474-1-1999

When the IEEE-SA Standards Board approved this standard on 16 September1999, it had the following
membership:
Richard J. Holleman, Chair
Donald N. Heirman, Vice Chair
Judith Gorman, Secretary

Satish K. Aggarwal James H. Gurney Louis-Franc¢ois Pau

Dennis Bodson
Mark D. Bowman
James T. Carlo
Gary R. Engmann
Harold E. Epstein
Jay Forster*
Ruben D. Garzon

Lowell G. Johnson
Robert J. Kennelly
E. G. “Al” Kiener

Joseph L. Koepfinger*

L. Bruce McClung
Daleep C. Mohla
Robert F. Munzner

Ronald C. Petersen
Gerald H. Peterson
John B. Posey
Gary S. Robinson
Akio Tojo

Hans E. Weinrich
Donald W. Zipse

*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Robert E. Hebner

Janet Rutigliano
IEEE Standards Project Editor

Documents

Copyright © 1999 IEEE. Al rights reserved. Documgnt Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:32:11 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1474.1-1999


http://www.avadocuments.com/doc/ieee-1474-1-1999
http://www.avadocuments.com/doc/ieee-1474-1-1999

Contents

1 OVEIVIEW ..ttt ettt et s a et s e et s et st eb e bt et sae et e besaesa et e nesaennen 1
Lol S0P ettt ettt b et b e a e bbbt et bt et eat et eatenbeestenbeeaaenbeas 1
1.2 PUIPOSE. .ttt ettt et et st e sb e et s bttt e s bt s bt e sab e et e sat e e bt e sateebeesaee et 1
1.3 EXiStING QAPPIICALIONS ....evteutitieiietieteetiete et sttt sttt st et et e e s bt et e e st et e ese e et eateseeenteseeeneesbeenaenbean 1
W S (1<) 1161 OSSR PRSRPR 1
3. Abbreviations, acronyms and definitions ..........ccccceceeerririirinieneninenenetetereteeetee e 2
3.1 DOTINITIONS. ¢..etuieteeiiesieete ettt et ettt ettt et e e sa e etess e et e e st e beeseeseensesseenseeneenseeneensesneesneennennean 2
3.2 Abbreviations and ACTOMYIMS. .....cc.evuietirierrieretiererieete st st et ete e st eeee st eeee st esnesaeesaesaeesneennesnees 4
4. GeNETal TEQUITEIMEILS .....eeeeiiiieeieeeiteetee st et e st et e stt e st e e steesabeesateeabeesbteeabeesbeesabeebeesabeesstesateensaesnseanne 5
4.1 Characteristics Of CBTC SYSIEMS ...cc.utiiuierieiriieiieeitesieerite st esiteete et e st e saeesateesatesseesbeesnseenaee s 5
4.2 Categorization Of CBTC SYSEIMS....cccuiiitiirieiriieiiieitesie ettt ette sttt e sttt e st e sbeesteebeesareensee s 5
4.3 RaNE Of APPIICALIONS. ..ceuviiiiiriiieiierie ettt etee sttt e sttt e st ebaesbeebeesabeesseesateesseesaseenseesasesnseens 5
4.4 Train CONTIGUIALIONS ....veerieetierieeiteeteertte et eteesteesteeseteesteesateesbeesaseebeesaseenseesaseensaessseesaesnsesnseess 5
4.5 Train OPerating MOUES ......c..cocueruertirieriteniietenteeteeeeteeieeste st estesbtesbe st e bt et e bt eate bt entesbeeneesneeneenaee 6
4.6 Transitions between Operating MOAES. ..........coeeviirieriiriiririeneeteneetere ettt eeee e 8
4.7 Train OPErating SPEEAS .....ccouertertirierteritente ettt ettt ettt et sbte bt sbtesbeebtesbeeate bt este bt eabesbeetesbeeneesaee 8
5. Performance reqUITEIMEILS .........coviiuerieriirieieieteteteiteitee et sttt sttt see st e e ese et et e bt ebesbesaesbessenaens 9
5.1 CBTC factors contributing to achievable headways..........cccccveverierierierierinnnnieinneneneeeseeen 9
5.2 CBTC factors contributing to achievable trip timMes ..........ccceevevuerienierienierienieieenieeeeeeeesee e 9
5.3 System Safety reQUITCIMENLS .......cccueeieruirieieeieittete st ete et ettt et et e e et eseeeseesbeeneesbeetesbeensesneans 10
5.4 System asSUrance rEQUITETTIENLS ........cecuerureruerterteeeenteeeesseesesseeseeseesesneesseeneessessessesssesseensesseens 11
5.5 Environmental FEqUITEIMENES .....c.ccveteteueieieeriereeieeteete sttt st steseeseseeeeaeenteneeseeaesuessessesueseens 14
6. FUNCHIONA] TEQUITEIMEIILS. ... eeiuiiitieiieetienite ettt ettt ettt eat e e sbe e et e s bt e st e e beesateesbeesateesbaeenseenseenn 14
6.1 ATP fUNCHONS c..eoutiiiiiieiiettetctcet ettt ettt ettt et et e st nesae e nesanesneeanenneeas 15
6.2 ATO fUNCHONS ..evviiiiitieiietietetcet ettt sttt ettt et ae et sae e saeeae st e besenesbeeanenseens 21
6.3 ATS fUNCHONS ..ottt ettt ettt ettt e et sae e b saeesbesenenbeesnenbeens 22
6.4 Interoperability interface reQUITEMENTS. ......eccuiirieeriierieeieenieeieeste et eritesteesbeesbeesbeesebeesaeesaeees 26
Annex A (informative) BiblIOZIaphy........ccccevciiriiriririiniiieietcteteeee ettt ettt s 27
Annex B (informative) Example functional block diagram for a typical CBTC system...........ccceeeeuenneene 28
Annex C (informative) Typical CBTC Parameters. ........ccevuervueeriirieenienieeniieeieesiee e esiee e siee st esieesaeesaees 29
Annex D (informative) Typical safe braking model............cccocueiiriiiiiiiniiiii e 30
Documents
vi Gopyright © 1999 IEEE. All rights 16sarad: "t Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:32:11 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1474.1-1999


http://www.avadocuments.com/doc/ieee-1474-1-1999
http://www.avadocuments.com/doc/ieee-1474-1-1999

IEEE Standard for
Communications-Based Train Control
(CBTC) Performance and Functional
Requirements

1. Overview

This standard establishes performance and functional requirements for a communications-based train con-
trol (CBTC) system. It is divided into six clauses. Clause 1 describes the scope and purpose of this standard.
Clause 2 lists references that are useful in applying this standard. Clause 3 provides definitions that are either
not found in other standards, or have been modified for use with this standard. Clause 4 defines the general
operating requirements for CBTC systems, including train operating modes to be supported. Clause 5
defines the performance requirements for CBTC systems, including headway criteria, system safety criteria,
and system availability criteria. Clause 6 defines the functional requirements for CBTC systems, including
automatic train protection (ATP) functions, automatic train operation (ATO) functions, and automatic train
supervision (ATS) functions.

1.1 Scope

This standard establishes a set of performance and functional requirements necessary for enhancing perfor-
mance, availability, operations, and train protection using a CBTC system.

1.2 Purpose

There are currently no independent standards defining the performance and functional requirements to be
satisfied by CBTC systems. This standard will enhance performance, availability, operations, and train pro-
tection, and will facilitate new CBTC applications.

1.3 Existing applications

Existing CBTC installations and projects in progress prior to the effective date of this standard need not
comply with the new or revised requirements of this edition, except where specifically required by the
authority having jurisdiction.

Documents

) ) Documiant Sharing Hub
Copyright © 1999 IEEE. All rights reserved.
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:32:11 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1474.1-1999


http://www.avadocuments.com/doc/ieee-1474-1-1999
http://www.avadocuments.com/doc/ieee-1474-1-1999

IEEE
Std 1474.1-1999 IEEE STANDARD FOR COMMUNICATIONS-BASED TRAIN CONTROL (CBTC)

2. References

This standard shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply. In case of a conflict between this standard and
the referenced document, this standard shall take precedence. Those provisions of the referenced documents
that are not in conflict with this standard shall apply as referenced.

IEEE Std 100-1996, The IEEE Standard Dictionary of Electrical and Electronics Terms, Sixth Edition.!

IEEE P1483 (Draft D0.17, 04 June 1999), Draft Standard for Safety Considerations for Software Used in
Rail Transit Systems.

IEEE Std. 1477-1998, IEEE Standard for Passenger Information System for Rail Transit Vehicles.

IEEE Std 1475-1999, IEEE Standard for the Functioning of and Interfaces Among Propulsion, Friction
Brake, and Train-borne Master Control on Rapid Transit Vehicles.

MIL-STD-882C, System Safety Program Requirements.2

3. Abbreviations, acronyms and definitions

3.1 Definitions

For the purposes of this standard, the following terms and definitions apply. IEEE Std 100-1996 should be
referenced for terms not defined in this clause.

3.1.1 authority having jurisdiction: The entity that defines the contractual (including specification)
requirements for the procurement.

3.1.2 automatic train control (ATC): The system for automatically controlling train movement, enforcing
train safety, and directing train operations. ATC must include automatic train protection, and may include
automatic train operation and/or automatic train supervision.

3.1.3 automatic train operation (ATQ): The subsystem within the automatic train control system that per-
forms any or all of the functions of speed regulation, programmed stopping, door control, performance level
regulation, or other functions otherwise assigned to the train operator.

3.1.4 automatic train protection (ATP): The subsystem within the automatic train control system that
maintains fail-safe protection against collisions, excessive speed, and other hazardous conditions through a
combination of train detection, train separation, and interlocking.

3.1.5 automatic train supervision (ATS): The subsystem within the automatic train control system that
monitors trains, adjusts the performance of individual trains to maintain schedules, and provides data to
adjust service to minimize inconveniences otherwise caused by irregularities.

NOTE —The ATS subsystem also typically includes manual and automatic routing functions.

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee.org/).

2MIL publications are available from Customer Service, Defense Printing Service, 700 Robbins Ave., Bldg. 4D, Philadelphia, PA
19111-5094.
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3.1.6 auxiliary wayside system: A back-up or secondary train control system, capable of providing full or
partial automatic train protection for trains not equipped with trainborne communications-based train control
(CBTC) equipment, and/or trains with partially or totally inoperative trainborne CBTC equipment. The aux-
iliary wayside system may include trainborne equipment and may also provide broken rail detection.

3.1.7 basic operating unit: (A) A single vehicle designed for independent operation. (B) A permanent or
semipermanent combination, designed for independent operation, consisting of two or more vehicles of one
or more types.

3.1.8 brake, emergency: Fail-safe, open-loop braking to a complete stop, with an assured maximum stop-
ping distance considering all relevant factors. Once the brake application is initiated, it is irretrievable; i.e., it
cannot be released until the train has stopped or a predefined time has passed.

3.1.9 brake, (maximum) service: A nonemergency brake application that obtains the (maximum) brake rate
that is consistent with the design of the brake system, retrievable under the control of master control.

3.1.10 car: See: vehicle.

3.1.10 civil speed limit: The maximum speed authorized for each section of track, as determined primarily
by the alignment, profile, and structure.

3.1.12 communications-based train control: A continuous automatic train control system utilizing
high-resolution train location determination, independent of track circuits; continuous, high capacity,
bidirectional train-to-wayside data communications; and trainborne and wayside processors capable of
implementing vital functions.

3.1.13 commuter rail: A passenger railroad service that operates within metropolitan areas on trackage that
usually is part of the general railroad system. The operations, primarily for commuters, are generally run as
part of a regional system that is publicly owned, or by a railroad company as part of its overall service.

3.1.14 consist: The makeup or composition (number and specific identity) of individual units of a train.

3.1.15 dwell time: The time a transit unit (vehicle or train) spends at a station or stop, measured as the inter-
val between its stopping and starting.

3.1.16 fail-safe: A design philosophy applied to safety critical systems such that the result of hardware fail-
ure or the effect of software error shall either prohibit the system from assuming or maintaining an unsafe
state, or shall cause the system to assume a state known to be safe.

3.1.17 headway: The time interval between the passing of the front ends of successive vehicles or trains
moving along the same lane or track in the same direction.

3.1.18 heavy rail transit: A mode of rail rapid transit generally characterized by fully grade-separated con-
struction, operating on exclusive rights of way, and station platforms at the floor level of the vehicles.

3.1.19 interlocking: An arrangement of switch, lock, and signal devices that is located where rail tracks
cross, join, separate, and so on. The devices are interconnected in such a way that their movements must suc-
ceed each other in a predefined order, thereby preventing opposing or conflicting train movements.

3.1.20 light rail transit: A mode of rail transit characterized by its ability to operate on exclusive rights-of-
way, street running, center reservation running, and grade crossings, and to board and discharge passengers
at track or vehicle floor level.

3.1.21 master control: The trainborne device or system directly providing the control signals to the train.
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3.1.22 movement authority: The authority for a train to enter and travel through a specific section of track,
in a given travel direction. Movement authorities are assigned, supervised, and enforced by a communica-
tions-based train control system to maintain safe train separation, and to provide protection through
interlockings.

3.1.23 redundancy: The existence in a system of more than one means of accomplishing a given function.

3.1.24 reliability: The probability that a system will perform its intended functions without failure, within
design parameters, under specific operating conditions, and for a specific period of time.

3.1.25 safe braking model: An analytical representation of a train’s performance while decelerating to a
complete stop, allowing for a combination of worst-case influencing factors and failure scenarios. A
communications-based train control equipped train will stop in a distance equal to or less than that guaran-
teed by the safe braking model.

3.1.26 safety critical: (A) A term applied to a system or function, the correct performance of which is criti-
cal to safety of personnel and/or equipment. (B) A term applied to a system or function, the incorrect
performance of which may result in a hazard.

NOTE— Vital functions are a subset of safety-critical functions.

3.1.27 service, revenue: (A) Transit service excluding deadheading or layovers. (B) Any service scheduled
for passenger trips.

3.1.28 system safety: The application of engineering and management principles, criteria, and techniques to
optimize all aspects of safety within the constraints of operational effectiveness, time, and cost throughout
all phases of the system life cycle.

3.1.29 System Safety Program: The combined tasks and activities of system safety management and sys-
tem safety engineering that enhance operational effectiveness by satisfying the system safety requirements
in a timely, cost-effective manner throughout the system life cycle.

3.1.30 train: A consist of one or more basic operating units.

3.1.31 unit: See: basic operating unit.

3.1.32 vehicle: A land conveyance assembly for carrying or transporting people and objects capable of tra-
versing a guideway, having structural integrity and general mechanical completeness, but not necessarily

designed for independent operation.

3.1.33 vital function: A function in a safety critical system that is required to be implemented in a fail-safe
manner.

3.2 Abbreviations and acronyms

ASCE American Society of Civil Engineers
APTA American Public Transit Association
ATC automatic train control
ATO automatic train operation
ATP automatic train protection
ATS automatic train supervision
CBTC communications-based train control
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MTBF mean time between failure

MTBFF mean time between functional failure

MTBHE mean time between hazardous event

MTTR mean time to repair

MTTRS mean time to restore service

RF radio frequency

4. General requirements

4.1 Characteristics of CBTC systems
The primary characteristics of a CBTC system include

a) High-resolution train location determination, independent of track circuits;
b) Continuous, high capacity, bidirectional train-to-wayside data communications;
¢) Trainborne and wayside processors performing vital functions.

4.2 Categorization of CBTC systems

This standard recognizes that different configurations of CBTC systems are possible, depending on the spe-
cific application. For example, a CBTC system may

a)  Provide ATP functions only, with no ATO or ATS functions;

b) Provide ATP functions, as well as certain ATO and/or ATS functions, as required to satisfy the oper-
ational needs of the specific application;

c) Be the only train control system in a given application, or may be used in conjunction with other
auxiliary wayside systems.

A typical functional block diagram for a CBTC system is given in Annex B.

4.3 Range of applications

The CBTC performance and functional requirements defined in this standard are intended to be applicable to
the full range of transit applications, including light rail, heavy rail, and commuter rail transit systems.

It is the intent of this standard that tiered levels of functionality, and interoperability between equipment pro-
vided by multiple vendors, are facilitated to the extent required by the authority having jurisdiction. All
CBTC systems shall include ATP functions. ATO and ATS functions are optional.

4.4 Train configurations
A CBTC system shall be capable of supporting a variety of train configurations, including

a)  Fixed-length unidirectional trains comprised of one or more basic operating units;
b) Fixed-length bidirectional trains comprised of one or more basic operating units;
c) Variable-length unidirectional trains;

d) Variable-length bidirectional trains.
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